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In order to obtain information in addition to that received from a quantitative
analysis of the plasma lipids and reported in Part I of this communication (1),
the plasma proteins and lipids of 7 patients with idiopathic hyperlipemia and
10 patients with primary hypercholesteremic xanthomatosis were studied by
electrophoresis and by fractionation of the plasma proteins. The effects of high
speed centrifugation and of extraction with ethyl ether on the plasma proteins
and plasma lipids of these patients \vere investigated. These studies revealed
further significant differences in the plasma proteins and lipids of the two diseases.
EEVIEW OF LITERATURE
Electrophoretie analyses of the plasma proteins in patients with primary hypercholes-
teremic xanthomatosis have been reported by Zeldis, Albing, McCoord and Kulka (2) in
1 case, and by Lever and MacLean in 3 cases (3, ease 1; 4, eases 3 & 4). In all four eases the
size of the beta-i globulin peak was increased. Rotating the serum with ethyl ether prior to
electrophoretic analysis reduced the beta-i peak to approximately normal size in the 3
eases in which this procedure was carried out, indicating that the increase in the size of the
beta-i peak had been due to lipid substances.
Lever and MacLean (3, case 2) examined by electrophoresis the plasma of one patient
with idiopathic hyperlipemia whose case, however, they mistakenly reported as one of
primary hypercholesteremic xanthomatosis. (This patient is case 7 of this paper.) The
electrophoretic pattern of this patient showed a large, massive peak containing 45 per cent
of the total protein occupying the areas of both alpha-2 and beta-i globulin. This large peak
disappeared following extraction with ethyl ether giving a normal electrophoretic pattern.
Fractionation of the plasma proteins in idiopathic hyperlipemia and in primary hyper-
cholesteremic xanthomatosis have beeo reported by Barr, Russ and Eder (5, 6) and by Lever
and Hurley (7, 8). Barr, Russ and Eder (5) investigating the plasma of 2 patients with
primary hypercholesteremic xanthomatosis found that the entire increase in cholesterol
was concentrated in the beta-i lipoprotcin fraction and that the relative and absolute
amounts of cholesterol present as alpha-i lipoprotein were lower than normal. The same
authors (6) in au investigation of 4 patients with idiopathic hyperlipemia found in this
disease almost the entire amount of neutral fat concentrated in Fraction I and III which
contains beta-i lipoprotein. Our previously published results obtained by fractionation of
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the plasma proteins will not be reviewed here, since they are included in this communica-
tion.
High speed centrifugation of the plasma was carried out by Van Eck, Peters and Man (9)
in 2 patients with idiopathic hyperlipemia. They found that high speed centrifugation at
18,000 revolutions per minute for one hour caused a considerable decrease in the amounts of
neutral fat and cholesterol in the subnatant plasma with an accumulation of these sub-
stances in the creamy top layer; but only a slight decrease in the amount of phospholipids in
the plasma.
METHODS
All plasma used for the eleetrophoretic analyses and fractionation studies contained acid
citrate dextrose as anticoagulant and was collected as described in Part I of this paper (1).
In order to correct for the dilution caused by the addition of the acid citrate dextrose solu-
tion to the blood a small amount of blood was also drawn each time with a dry syringe and
placed in a tube containing a small amount of heparin powder. This was used for a reference
determination of nitrogen. All values obtained were corrected to absolute values: in the
native plasma by the factor (N in plasma with heparin powder/N in A.C.D. native plasma);
in the centrifuged plasma by the factor (N in plasma with heparin powder/N in A.C.D.
centrifuged plasma); and in the ether extracted plasma by the factor (N in plasma with
heparia powder/N in A.C.D. ether extracted plasma).
Electrophoretic analysis of the A.C.D. plasma was carried out in a Tiselius apparatus
according to the technic described by Longsworth (10). A sodium diethyl barbiturate—
sodium citrate solution at pH 8.6 and an ionic strength of 0.1 was used as a buffer.
Chemical fractionation of the plasma proteins was carried out according to the method
of Lever and co-workers (ii) which represents an adaption of Cohn's Method 10 of plasma
fractionation (12) to a mieromethod, requiring 5 ml. of plasma. The fractionation was car-
ried out in a —5 C. cold bath using low concentrations of ethaaol and of various salts, re-
sulting in the concentration of each protein component in an undenatured state almost ex-
clusively in one fraction or another. Four fractions were thus obtained. Since the large
amounts of lipids in the plasma of patients with idiopathic hyperlipemia would clog the
pores of the filters used in the cold bath the separation of Fractioo IV + V + VI from
Fraction I + II + III and of Fraction II from Fraction I + III was carried out, at variance
with the described technique (11), in a refrigerated centrifuge at —5 C. Of the four fractions
thus obtained Fraction I + III contained among other proteins beta-i lipoprotein and beta
glycoprotein; Fraction II contained gamma globulin; Fraction IV + V contained albumin,
alpha-i lipoprotcin and alpha-2 glycoprotein; and Fraction VI contained alpha-i glycopro-
tein. The amounts of cholesterol, phospholipids and hexose were determined in each of the
four fractions. The amounts of cholesterol and phospholipids in Fraction I + III were as-
sumed to be present as beta-i lipoprotein; and the amounts of cholesterol and phospholipids
in Fraction IV + V as alpha-i lipoprotein. The amount of hexose in Fraction I + III was
assumed to represent beta glycoproteio; that in Fraction IV + V alpha-2 glycoprotcin; and
that in Fraction Vi alpha-i glycoprotein.
Hiyh speed centrifuyation of the plasma was carried out in a refrigerated centrifuge at
18,000 revolutions per minute for one hour with the temperature set at —5 C.
Extraction of lipids with ethyl ether was carried out in a +5 C cold room by placing one
volume of plasma and two volumes of cold ethyl ether in a separatory funnel. This was
slowly rotated for half an hour. Thereafter, the plasma and the ethyl ether were separated
by slow centrifugation. This procedure was carried out twice in succession.
Total cholesterol, esterified cholesterol, fatty acids, lipid phosphorus, neutral fat and
turbidity were determined as described in Part I (1).
Hexose was determined in the four fractions according to a modification of the method
of SØrensen and Haugaard (13) introduced by Friedman (14). The total amounts present in
the four fractions was regarded as plasma hexose because the presence of free carbohydrate
(glucose) prevented determination of hexose in whole plasma.
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A. Electrophoretic Analyses
1. Idiopathic Hyperlipemia. Electrophoretic analyses of the A.C.D. plasma
were carried out in 7 patients (Table 1). Although in all patients the patterns
showed, due to the turbidity of the plasma, some haziness, in 2 patients (cases
2 and 5) the patterns were so obscured by turbidity that calculation of the peaks
was impossible. The turbidity in these patterns was, however, not uniform but
affected the ascending pattern up to the alpha-i area leaving the albumin peak
clear; and the descending pattern down to the beta-i globulin peak leaving the
beta-2 and gamma globulin peaks clear (Fig. 1). This indicated that the turbidity
migrated with the speed of alpha-2 and beta-i. (The significance of this will be
discussed later.) Of the 5 patients in whom clear patterns could be obtained, 2
patients (cases 1 and 3) showed on repeated examinations a considerable eleva-
tion of the alpha-2 peak (Fig. 2a); 2 patients (cases 6 and 7) showed an elevation
of the alpha-2 and beta-i peaks as separate peaks (Fig. 2b); and 1 patient (case 4)
showed an elevation of the alpha-2 and beta-i peaks as one inseparable peak
(Fig. 2c). In the 2 patients in whom the native plasma was too turbid to yield any
electrophoretic pattern, the pattern after high speed centrifugation (at 18,000
r.p.m. for one hour) showed in one (case 2) an elevation of the alpha-2 peak, and
in the other (case 5) an essentially normal pattern. Thus one may conclude that
in idiopathic hyperlipemia, as a rule, either the alpha-2 peak alone or both the
alpha-2 and beta-i peaks are elevated.
In all patterns the alpha-2 and beta-i peaks, whenever they were elevated,
had a jagged appearance due to spurious refractive index gradients produced by
large lipid particles in that region. This often made an exact calculation of the
alpha-2 and beta-i peaks difficult and the obtained values (Table 1) can there-
fore be regarded only as approximations.
2. Primary Hypercholesteremic Xanthomatosis. In all iO patients the beta-i
peak was moderately or even considerably elevated (Figure 3; Table 2). In no
instance was there an increase in the size of the alpha-2 peak. Except for the
occasional presence of the beta anomaly in the descending pattern—which may
occur also in the descending pattern of normal plasma—none of the peaks had a
jagged appearance since no large lipid particles were present in the clear plasma.
B. Fractionation
1. Idiopathic Hyperlipemia. Fractionation of the plasma proteins revealed in
all patients a great increase in the amounts of cholesterol and phospholipids in the
beta-i lipoprotein fraction (Table 1), with the values for cholesterol averaging
502 mg. per iOO ml. (normal average 118 mg.) and for phospholipids 444 mg. per
iOO ml. (normal average 114 mg.). On the other hand, the values for cholesterol
and phospholipids in the alpha-i lipoprotein fraction either were normal or
deviated but slightly from normal. In 1 patient the values for cholesterol and
phospholipids in the alpha-i fraction were below normal (case 5); and in 1 pa-
tient each the values for cholesterol (case 4) and for phospholipids (case i) were
slightly elevated. Thus, with very few exceptions, the abnormally high values
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Fio. 1. Electrophoretic pattern of the plasma of patient 5 with idiopathic hyperlipemia.
The plasma is so turbid dne to the presence of large amonnts of neutral fat that the patterns
are in part obscured. In the ascending pattern, on the left, only the albumin peak is visible;
while in the descending pattern, on the right, only the heta-2 and gamma globulin peaks are
visible.
FIG. 2. Electrophoretic patterns of the plasma of three patients with idiopathic byper-
lipemia. Left, patient 3: The alpha-2 peak is elevated. Middle, patient 7: The alpha-2 and
beta-i peaks are elevated as separate peak. Right, patient 4: The alpba-2 and beta-i peaks
are elevated as one inseparable peak.
FIG. 3. Electrophoretic patterns of the plasma of three patients with primary hyper-
cholesteremic xanthomatosis. In all patterns the beta-i peak is elevated. Left, patient 8;
middle, patient 9; right, patient 14.
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of total cholesterol and phospholipids in the plasma could be attributed entirely
to the excess of cholesterol and phospholipids in the beta-i lipoprotein fraction.
Study of the amounts of glycoproteins in the various fractions revealed normal
values for alpha-i and alpha-2 glycoprotein in all patients, whereas the values for
beta glycoprotein were slightly elevated in 4 of 6 patients, resulting in an average
value of 62 mg. per 100 ml. (normal average 47 mg.) (Table 1).
2. Primary Hypercholesteremic Xanthomatosis. The data obtained by plasma
fractionation in primary hypercholesteremic xanthomatosis were very similar
to those obtained in idiopathic hyperlipemia. The amounts of cholesterol and
phospholipids in the beta-i lipoprotein fraction were greatly increased in all
patients (Table 2), averaging for cholesterol 405 mg. per 100 ml. (normal average
118 mg.) and for phospholipids 256 mg. per 100 ml. (normal average 114 mg.).
On the other hand, the amounts of cholesterol and phospholipids in the alpha-
lipoprotein fraction were below normal in 3 patients (patients 8, 13 and 14), and
normal in the others.
Just as in the patients with idiopathic hyperlipemia, the amounts of glyco-
protein were normal for alpha-i and alpha-2 glycoprotein, while the values for
beta glycoprotein were slightly increased in all but 1 patient, resulting in an
average value for beta glycoprotein of 69 mg. per 100 ml. (normal aver-
age 47 mg.) (Table 2).
C. High Speed Centrifugation
1. Idiopathic Hyperlipemia. High speed centrifugation of the turbid plasma
at 18,000 r.p.m. for one hour reduced the turbidity in all patients, though to a
varying degree. In 3 of the 7 patients (cases 1, 4 and 7) the plasma was still
opalescent after centrifugation with turbidity readings of 7.5, 5.6 and 7.1 units;
w'hile in the other 4 patients the plasma was clear with turbidity readings varying
from 2.5 to 4.7 units. In 6 of the 7 plasmas high-speed ceiitrifugation caused the
formation of a viscous, opaque fatty top layer blending gradually into the sub-
natant (lear or opalescent liquid. One patient's plasma (case 5), however, which
had a higher degree of turbidity than all others, showed after high speed centri-
fugation a solid top layer with the consistency of butter sharply separated from
the subnatant perfectly clear plasma. This patient's plasma, after high speed
centrifugation, had a lower turbidity value, 2.5 units, than all the others. It also
showed, as will be shown later, a greater decrease in all lipids after high speed
(entrifugation than the plasmas of the other patients with idiopathic
hyperlipemia and, as described in Part III, reacted differently from the other
plasmas to the intravenous injection of heparin.
Concomitant with the decrease in turbidity after high speed centrifugation
there was a considerable decrease in the amount of neutral fat in all patients,
from an average of 1,856 mg. per 100 ml. to 534 mg. In addition, the amount of
cholesterol decreased, from an average of 600 mg. per 100 ml. to 286 mg., and
the amount of phospholipids from an average of 561 mg. to 354 mg. (Table 1).
The values for cholesterol and phospholipids, after high speed centrifugation,
were still elevated or were within the normal range in all patients except patient
5 in whom they had fallen to subnormal values, amounting for cholesterol to 76
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mg. per 100 ml., and for phospholipids to 135 mg. per 100 ml. The amount of
phospholipids decreased in most patients to a lesser degree than the cholesterol;
and, whereas prior to centrifugation the amount of cholesterol had been greater
than that of the phospholipids in 5 of the 7 patients, after centrifugation it was
greater in only 1 patient (case 4). In contrast to the decrease in neutral fat,
cholesterol and phospholipids under high speed centrifugation there was no
decrease in nitrogen. As a matter of fact, there was a slight increase in nitrogen
in the plasma of all patients, which obviously was due to the accumulation of
nitrogen-free lipid above the plasma and the resulting increase in concentration
of nitrogen and other non-lipid substances in the subnatant plasma.
Fractionation of the plasma after high speed centrifugation revealed—in
accordance with the decrease in total cholesterol and total phospholipids—a
decrease of the cholesterol and phospholipids in both the alpha-i and beta-i
lipoprotein fractions (Table i). Just as the total phospholipids decreased to a
lesser extent than the total cholesterol, so the phospholipids in the alpha-i and
beta-i fractions decreased less than the cholesterol in these two fractions. Par-
ticularly, the phospholipids of the alpha-i lipoprotein fraction decreased only
slightly. Whereas the amount of cholesterol in the alpha-i and beta-i lipoprotein
fractions decreased, on the average, more than 50 per cent (from 68 to 31 mg.,
and from 502 to 245 mg. per 100 ml., respectively), the decrease of phospholipids
in the beta-i lipoprotein fraction averaged 40 per cent (from 444 to 266 mg. per
100 ml.), and in the alpha-i lipoprotein fraction averaged only 20 per cent (from
97 to.78 mg. per 100 ml.). The amounts of alpha-i, alpha-2 and beta glycoprotein,
measured as hexose, remained the same as before centrifugation (Table 1).
Electrophoretic analysis of the plasma after high speed centrifugation and
comparison with the analysis of the native plasma showed a decrease in the size
of the elevated alpha-2 and beta-i peaks in all 5 patients in whom an electro-
phoretic pattern of the native plasma had been obtainable (Figure 4b). However,
only 1 patient (case 5) had a normal electrophoretic pattern after high speed
FIG. 4. Electrophoretic patterns of the plasma of patient 1 with idiopathic hvperlipemia.
Left, native plasma: the alpha-2 peak is greatly elevated. Middle, plasma after high speed
centrifugation: the alpha-2 peak has been reduced in size considerably but still is slihtlv
elevated. Right, plasma after rotation with ethyl ether: the alpha2 peak has been reduced
to normal size.
A a1a,AP2v Aa1a2$$2y
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FIG. 5. Electrophoretic patterns of the plasma of two patients with idiopathic hyper-
lipemia after high speed centrifugation. The pattern on the left, from patient 5, was the
only one which after high speed centrifugation appeared normal. All other plasma still
showed, like the pattern on the right, from patient 6, some elevation of those peaks that had
been elevated in the native plasma. In this patient (case 6) both the alpha-2 and beta-i peak
had been greatly elevated in the native plasma and are still somewhat elevated after high
speed centrifugation.
centrifugation (Figure 5a) whereas in the other 6 patients either the alpha-2
or the beta-i peak or both were still somewhat elevated (Figure 5b). This one
patient's plasma differed also in several other respects from the plasma of the
other patients with idiopathic hyperlipemia, as has been pointed out already.
Unfortunately, no complete electrophoretic pattern of the native plasma had
been obtainable in this patient (Figure i) because of its great turbidity.
. Primary Hypercholesteremic Xanthomatosis. In contrast to the turbid plasma
of the patients with idiopathic hyperlipemia the clear plasma of the patients with
primary hypercholesteremic xanthomatosis underwent no significant changes
under high speed centrifugation (Table 2). The degree of turbidity, the amounts
of cholesterol and phospholipids in the whole plasma as well as in the alpha-i
and beta-i fractions, and the values for alpha-i, alpha-2 and beta glycoproteins
remained the same. Similarly, no changes occurred in the electrophoretic patterns
(Figure 6b). The occasional slight decrease in neutral fat probably was due to
the fact that not all patients were strictly fasting when blood was drawn for
analysis.
D. Extraction with Ethyl Ether
1. Idiopathic Hyperlipemia. Rotation of the turbid plasma with cold ethyl
ether at +5C. for half an hour and subsequent slow centrifugation was carried
out twice in succession in 6 patients and caused complete clearing of the plasma
in all cases. The neutral fat decreased in 4 patients to zero and in 2 to very low
values (Table 1). The total cholesterol decreased to values far below normal,
averaging 37 mg. per 100 ml. On the other hand, the amounts of total phos-
pholipids decreased only slightly, from an average of 561 mg. per 100 ml. to 352
A a1 Pta1 a2$1$27
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FIG. 6. Electrophoretic patterns of the plasma of patient 10 with primary hypercho-
lesteremic xanthomatosis. Left, native plasma: the beta-i peak is elevated. Middle, plasma
after high speed centrifugation: no change. Right, plasma after rotation with ethyl ether:
the beta-i peak has been reduced to normal size.
mg., a value still higher than normal. The total protein decreased from moder-
ately elevated values averaging 7.94 gms. per 100 ml. to values averaging 6.94
gms. This decrease was in part the result of the clotting out of the fibrinogen, which
amounts to about 0.3 gm. per 100 ml. of plasma, but was largely the result of
dilution of the plasma by ethyl ether of which at 20 C. 7.5 parts by weight are
soluble in 100 parts of plasma. (This dilution of the plasma by ether was taken
into account in the calculation of all chemical data in plasma subjected to rota-
tion with ether by multiplying all values by the factor (N in plasma with heparin
powder/N in ether extracted plasma) (see under Methods).)
Fractionation of the plasma proteins after rotation of the plasma with ethyl
ether revealed, in accordance with the great decrease of cholesterol in the whole
plasma, a considerable decrease of the cholesterol in both the alpha-i and beta-i
lipoprotein fractions to values far below normal (Table 1). In comparison to the
cholesterol the amounts of phospholipids in the alpha-i and beta-i lipoprotein
fractions decreased much less. The phospholipids in the beta-i lipoprotein frac-
tion decreased from greatly increased to still slightly increased or normal values,
and the phospholipids in the alpha-i lipoprotein fraction, which in the native
plasma had shown normal values in all but 1 case, remained essentially un-
changed. The amounts of alpha-i, alpha-2 and beta glycoprotein remained the
same as before rotation of the plasma with ether.
Electrophoretic analysis of the plasma after exposure to ethyl ether revealed
a decrease of the alpha-2 and beta-i peaks to normal size in all patients in wrhom
they had been elevated (Table 1; Figure 4c). This indicated that the increase of
these peaks had been due to lipid material. In addition to the alpha-2 and beta-i
peaks the beta-2 peak decreased in size in all patients due to the clotting out of
the fibrinogen by the ethyl ether.
2. Primary Hypercholesteremic Xanthoinatosis. In the patients with primary
hypercholesteremic xanthomatosis rotation of the plasma with ethyl ether caused
changes very similar to those observed in the patients with idiopathic hyper-
lipemia. It reduced the amount of neutral fat to zero in the 3 cases in which ex-
traction of lipids with ethyl ether had been carried out. The total cholesterol was
A a1 a2$B27 Ac1 a2$1$27 A a,a2$1327
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reduced to values far below normal, averaging 46 mg. per 100 ml. of plasma, and
the total phospholipids was reduced to about normal values, averaging 234 mg.
(Table 2). The amount of nitrogen decreased due to the clotting out of the
fibrinogen and the dilution of the plasma by ethyl ether.
Fractionation of the plasma proteins after rotation of the plasma with ether
revealed a decrease of the cholesterol to values far below normal in both the
alpha-i and beta-i lipoprotein fractions. The phospholipid in the two lipoprotein
fractions decreased much less than the cholesterol. It decreased from elevated
to only slightly subnormal values in the beta-i lipoprotein fraction; and remained
normal in the alpha-i lipoprotein fraction (Table 2). The amounts of glycoprotein
in the various fractions were not affected by the exposure of the plasma to ethyl
ether.
Electrophoretic analysis showed a decrease of the elevated beta-i peak to
normal size in all cases (Figure 6c), indicating that its elevation had been due
entirely to the presence of lipid substances.
DISCUSSION
L'lectrophoretic studies in idiopathic hyperlipemia revealed that either the
alpha-2 peak alone or both the alpha-2 and beta-i peaks are elevated. On the
other hand, in primary hypercholesteremic xanthomatosis the beta-i peak i
always increased. Extraction of the plasma with ethyl ether prior to the electro-
phoretic analysis caused the elevated peaks to decrease to normal size in both
diseases, proving that their elevation had been caused by the presence of excessive
amounts of lipids. The presence of lipids in the alpha-2 peak in idiopathic hyper-
lipemia is of considerable interest since normally significant amounts of lipids
occur only in the alpha-i and beta-i peaks of the electrophoretic pattern where
they are present as alpha-i and beta-i lipoprotein, respectively.
Fractionation of the plasma proteins was carried out for the purpose of deter-
mining the amounts of the two major lipoproteins, alpha-i and beta-i lipoprotein.
It revealed in both diseases a great increase in beta-i lipoprotein averaging four
times the normal value. On the other hand, the values for alpha-i lipoprotein
were usually normal, and in some patients with primary hypercholesteremic
xanthomatosis even below normal. Thus it became apparent that the lipid
migrating in idiopathic hyperlipemia in the alpha-2 peak of the electrophoretic
pattern behaves chemically as beta-i lipoprotein rather than as alpha-i lipo-
protein. Determination of the amounts of glycoproteins in the various fractions
revealed in both diseases normal values for alpha-i and beta-i glycoprotein but
a moderate increase in the amount of beta glycoprotein. This is in contrast to
our findings in pemphigus (16) and inflammatory dermatoses (7, 8) where the
alpha-i and alpha-2 glycoproteins are often considerably elevated while the val-
ues for beta glycoprotein are normal.
High speed centrifugation (at i8,OIYJ revolutions per minute for one hour) o
the clear plasma of patients with primary hypercholesteremic xanthomatosis
caused no change in the electrophoretic pattern and in the amounts of cholesterol,
phospholipids or nitrogen. Only the amount of neutral fat decreased slightly in
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several instances, probably due to the fact that not all patients had been strictly
fasting at the time that blood was drawn for analysis. One may thus conclude
that in the fasting plasma of patients with primary hypercholesteremic xan-
thomatosis, just as in normal fasting plasma, all lipids are linked to proteins and
that this linkage is firm enough to withstand the forces of high speed centrifuga-
tion. In idiopathic hyperlipemia, however, high speed centrifugation of the
turbid plasma caused not only partial or complete clearing of the plasma with
accumulation of a creamy layer of lipid material on top, but also a decrease in
the size of the previously elevated alpha-2 and beta-i peaks in the electrophoretic
pattern and a considerable decrease in neutral fat, cholesterol and phospholipids.
The decrease in neutral fat averaged 7i %, of cholesterol 52%, and of the phos-
pholipids 37 %. On the other hand, the concentration of nitrogen in the subnatant
plasma did not decrease but even increased slightly, due to the fact that the ac-
cumulation of large amounts of solid lipids in the creamy top layer caused a con-
centration in the subnatant plasma of all non-lipid substances dissolved in it.
The physico-chemical nature of the neutral fat, cholesterol and phospholipids
that floated to the top cannot be fully established from our data. They could be
lip oprotein molecules containing only very few polypeptide groups; they could
be lipids that originally were combined with proteins but were bound so loosely
1-'at high speed centrifugation broke the bonds between the lipid and protein;
they could be free lipids that never were combined with proteins. There are,
however, three facts that suggest that those lipids which were removed from the
plasma by high speed centrifugation had been bound to proteins. First, in the
plasma fractionations carried out on the patients with idiopathic hyperlipemia
we found, just as in normal individuals and those with primary hypercholes-
teremic xanthomatosis, none of the cholesterol and phospholipids in a free state
but all associated with protein, largely as beta-i lipoprotein and to a lesser
extent as alpha-i lipoprotein. Second, the decrease in size of the elevated alpha-2
and beta-i peaks in the electrophoretic pattern of all our patients with idiopathic
hyperlipemia following high speed centrifugation indicates that either lipo-
proteins or lipid moieties of lipoproteins had broken away from these peaks.
Third, in those lipemic sera in which the turbidity was so great that it was im-
possible to calculate the electrophoretic pattern (cases 2 and 5) the turbidity was
not uniformly distributed over the pattern but migrated with the alpha-2 and
beta-i lipoproteins (Figure 1). Since it is likely that the turbidity of the plasma
is caused by neutral fat present as chylomicra (see Part I of this paper), this
would indicate that the neutral fat had an electric charge identical to that of the
alpha-2 and beta-i peaks. It is probable that this charge originates from the
lipoprotein present in these two peaks which, as our fractionation studies have
shown, is beta-i lipoprotein.
Experiments of interest in connection with this problem were carried out by
Van Eck, Peters and Man (8). They examined the plasma of two patients with
secondary hyperlipemia, due to diabetes, after high speed centrifugation and
found that at different levels of the centrifuge tube the concentration of proteins
was the same while the concentration of neutral fat, cholesterol and phospho-
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lipids increased greatly at higher levels. Because of this difference in the distribu-
tion of lipids and protein they concluded that the lipids accumulated in the upper
levels of the centrifuge tube were free lipids and not bound to protein. They also
removed the creamy top layer which formed after high speed centrifugation and
washed it with 0.85 % sodium chloride in order to remove the plasma trapped in
it. Finding only 0.05 mg. of nitrogen in the top layer they concluded that "the
cream consisted of particulate lipids in suspension which are not bound to pro-
tein." Of course, the findings of Van Eck, Peters and Man do not preclude that,
prior to centrifugation, the lipids had been bound to protein.
If it is allowed to speculate on the basis of our findings it seems quite likely
that all lipids are in some way bound to protein. This binding holds the lipids
in solution or suspension. However, in this union of lipids and proteins a great
many variations occur and the firmness of binding, the proportions of lipids to
protein, and the types of lipids that are bound to protein vary greatly. On one
end of the scale are the chylomicra in which the lipids are largely, if not entirely,
neutral fat and the binding to proteins is often rather loose. On the other end
of the scale are the lipoproteins which contain largely cholesterol and phospho-
lipids and little or no neutral fat and have fairly firm binding of lipids and pro-
teins into true molecular units. However, as Gofman's studies with the ultra-
centrifuge have shown (17), a sharp division into chylomicra and lipoprotein
molecules does not exist because there is a gradual transition from the one to
the other.
In the plasma of natients with primary hypercholesteremic xanthomatosis,
as in that of normal individuals, few chylomicra are present in the fasting state
and almost all lipids are bound to protein in lipoprotein molecules with bonds
firm enough to withstand the forces of high speed centrifugation. The intact
lipoprotein molecules have a density sufficiently high to prevent them from
floating to the surface at the speed of centrifugation employed in this study. On
the other hand, in the plasma of patients with idopathic hyperlipemia in which
large quantities of neutral fat are present as chylomicra many of the bonds
holding the chylomicra to proteins are broken during high speed centrifugation
causing neutral fat to float to the surface; and also some bonds between the
lipids and protein in the lipoprotein molecules break leading to the liberation of
cholesterol, phospholipids and some neutral fat. Although in general the binding
of the lipids contained in chylomicra to proteins is less firm than the binding of
lipids to proteins in lipoprotein molecules, this is not uniformly so in idiopathic
hyperlipemia. This is demonstrated by the fact that the plasma of several patients
with idiopathic hyperlipemia (Table 1, cases 1, 4 and 6) after high speed centrifu-
gation still was turbid and still contained large amounts of neutral fat, while
the size of the elevated, lipoprotein-containing alpha-2 and beta-i peaks of the
electrophoretic patterns as well as the amounts of cholesterol and phospholipids
in the plasma had been significantly reduced.
Rotation of the plasma with ethyl ether caused in idiopathic hyperlipemia as
well as in primary hypercholesteremic xanthomatosis a great decrease in neutral
fat and cholesterol to values far below normal, and a lesser decrease in phospho-
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lipids. Considering that high speed centrifugation had caused in primary hyper-
cholesteremic xanthomatosis no change in these values and in idiopathic hyper-
lipemia much less of a decrease in neutral fat and cholesterol than rotation with
ether, one can conclude that rotation with ether is the more radical of the two
procedures. Rotation of the plasma with ether caused formation of an emulsion.
It can, therefore, be assumed that denaturation of some of the proteins occurred
leading to the breakage of many bonds between lipids and proteins in lipoprotein
molecules as well as in chylomicra.
Fractionation of the plasma proteins after exposure of the plasma to ether
revealed in both diseases a decrease to values far below normal for the cholesterol
in the alpha-i as well as the beta-i lipoprotein fraction. The phospholipids,
however, resisted the action of ether much more than the cholesterol. Those in
the beta-i lipoprotein fraction decreased from greatly elevated to normal or
slightly subnormal levels, while those in the alpha-i lipoprotein fraction, normal
in amount to begin with, did not decrease. This great difference in reaction of
cholesterol and phospholipids to the action of ether is another indication that
lipids are linked with proteins by bonds of differing strength.
SUMMARY
1. Electrophoretic analysis showed that in idiopathic hyperlipemia either the
alpha-2 peak alone or both the alpha-2 and beta-i peaks are elevated. In primary
hypercholesteremic xanthomatosis the beta-i peak is always increased. Whereas
in idiopathic hyperlipemia the elevated peaks usually have a jagged appearance,
in primary hypercholesteremic xanthomatosis the elevated beta-i peak has a
smooth outline except for the occasional presence of the beta anomaly in the de-
scending pattern. That the elevation of the peaks in both diseases was caused by
lipid substances was shown by their decrease to normal size when the plasma was
extracted with ether prior to electrophoretic analysis.
2. Fractionation of the plasma proteins revealed in both diseases a great
increase in beta-i lipoprotein, whereas the values for alpha-i lipoprotein were
generally normal. This allows the conclusion that the lipid migrating in the
alpha-2 peak of the electrophoretic pattern in idiopathic hyperlipemia behaves
chemically as beta-i lipoprotein rather than as alpha-i lipoprotein. The alpha-i
and alpha-2 glycoproteins were present in normal amounts, whereas the values
for beta glycoproteins were moderately elevated in both diseases.
3. High speed centrifugation (at 18,000 revolutions per minute for one hour)
of the clear plasma of patients with primary hypercholesteremic xanthomatosis
induced no changes in the electrophoretic pattern or in the amounts of cholesterol,
phospholipids, neutral fat and nitrogen in the plasma. On the other hand, in
idiopathic hyperlipemia it resulted in partial or complete clearing of the plasma
with accumulation of a creamy layer of lipid material on top, a decrease in the
size of the previously elevated alpha-2 and beta-i peaks iii the electrophoretic
pattern, and a considerable decrease of neutral fat, cholesterol and phospholipids
but not of nitrogen in the plasma.
4. Rotation of the plasma with cold ethyl ether caused in idiopathic hyper-
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lipemia and in primary hypercholesteremic xanthomatosis a great decrease in
neutral fat and cholesterol and a lesser decrease in phospholipids. In contrast to
the cholesterol which decreased greatly in both the alpha-i and beta-i lipoprotein
fraction, the phospholipids decreased only in the beta-i lipoprotein fraction but
not in the alpha-i lipoprotein fraction.
5. in patients with primary hypercholesteremic xanthomatosis and idiopathic
hyperlipemia, just as in normal individuals, all lipids in the plasma seem to be
bound to proteins in some way. This binding holds the lipids in suspension or
solution. The neutral fat is present largely as ehylomicra in which the binding
to protein is often rather loose, while the cholesterol and phospholipids are
present largely as lipoproteins in which lipids and proteins are bound into true
molecular units.
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